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DISCUSSION ON THE INFLUENCE OF NUTRITIONAL FACTORS IN LIVER DISEASE
Professor H. P. Himsworth: Recently, as the result of investigations into the effects of abnormal diets, light has b&en thrown upon problems in the causation of various liver diseases. That diet influences liher injury is no new discovery. As long ago as 1914
Opie and Alford showed that the susceptibilitv of dogs to chloroform poisoning was largely influenced by the character of the diet they were receiving. But this work, and the line of research that grew out of it, is concerned simply with the effect of diet in exaggerating or mitigating damage resulting from exposure to definite hepatic poisons.
The first demonstration that dietary factors alone can initiate liver injurv was given by Weichselbaum in 1935. He noted that a diet, generally deficient in protein and particularly deficient in sulphur amino-acids, caused death with "hemorrhage" into the liver. At the time this work largely escaped attention and it was not until 1939 and 1940, when claims Nvere made to have produced cirrhosis of the liver by dietetic means, that the importance of diet in the production of liver disease was realized (Gvorgi and Goldblatt, 1939; Rich and Hamilton, 1940) . Further papers making similar claims rapidly followed and in some of them it was noted that, infrequently and inconstantly, some of the animals taking diets designed to produced cirrhosis died, or became ill before developing that lesion, with "hamorrhages" or necrosis of the liver (Gyorgi and Goldblatt, 1939, 1940; Webster, 1941) . In this latter group the animals who survived the necrosis showed at death scarred livers. In one respect, namelv that fibrotic lesions in the liver developed in animals on certain deficient diets, agreement was, therefore, soon reached. But in another. that of causation, differing results were obtained, and it is hardly an exaggeration to sav that practically cvery dietary factor, save carbohydrate, has at one time or another been credited with a rfole in the production of liver injury. Glvnn and I believe that this confusion arises largely from a failure to recognize -that lesionis in the liver are of two kinds (Himsworth and Glynn, 1944b) . One is a massive acute necrosis which either kills or leads to post-necrotic scarring and nodular hyperplasia; the other is a diffuse hepatic fibrosis, of insidious development, which closely resembles portal cirrhosis. Both, in their final stages, produce a fibrotic lesion of the liver, and it is this finding which has led to their being confused together under the single term of "dietary cirrhosis of the liver". As a consequence the necrosis, occasionally observed in the livers of animals on certain diets, has been regarded by most workers as but a transient stage in a single sequence which leads to portal cirrhosis (Gyorgi and Goldblatt, 1942) . If, as we believe, the two lesions are distinct, and different dietary factors enter into the production of each, then attempts to refer both to a single dietary influence might be expected to lead to confusing results and conflicting opinions.
EXPERIMENTAL DIETETIC INJURY OF THE LIVER IN RATS
(a) Massive hepatic necrosis (acuite yellow, or suibacutte red, atrophy) with its sequelx, postnecrotic scarring and nodular hyperplasia.--By appropriate modifications of diet it has been shown that the development of this lesion is dependenit upon the amount of dietary protein consumed (Himsworth and Glynn, 1944b) . When this falls below a particular level massive hepatic necrosis develops. Neither. the vitamin, choline, fat, nor carbohvdrate content of the diet influences this result. The sole factor is the amount of JAN.-MED. I protein consumed. But different proteins vary in their ability to prevent the lesion.
Casein for example is effective in small amounts, yeast protein, when the sole source of protein, is ineffective even in large amounts. The most obvious difference between these two proteins is that the former is rich, and the latter poor, in the amino-acid methionine, and it has been found that yeast protein can be made to protect as effectively as casein when it is enriched by the addition of adequate amouints of methionine (Himsworth and Glynn, 1944c) .
When rats are given a diet appropriately low in protein they remain apparently well for weeks. Then suddenly they fail ill. Some die in a matter of hours and show massive necrosis of the liver; others survive in precarious health to develop jaundice, ascites and cedema, and at death these show nodular hyperplasia. There are several points in this sequence which merit attention. First, that before the illness develops there is a long latent period and during the whole of this the animal is exposed to the defective diet; second, that the illness is of sudden development and that until its onset the liver is normal in appearance; third. that complete recovery does not occur andl that, in those animals which survive, scarring of the liver is always found.
Of particular interest is a variant of this lesion partial, massive, hepatic necrosis. In this condition the necrotic processes, and their sequelh, are limited to the left lobes of the liver. This lesion develops in animals receiving sufficient protein to prevent the development of generalized massive necrosis but instlfficient to protect entirely. Injection of Indian ink into the spleens of normal animals shows that the ink is carried to those parts of the liver in which the partial lesion develops (Glynn and Himsworth, 1944; Himsworth and Glynn, 1944b) . Now it has been shown in several species that the blood from the superior mesenteric vein does not mix freely with that from the splenic vein in its short transit through the portal vein. As a result the former goes mainly up the right branch of the portal vein to the right lobes of the liver; the latter up the left branch to the left lobes. As the products of proteini digestion from the small intestine are carried in the blood of the superior mesenteric vein it is evident that, when the diet is deficient in protein, this deficiency will be more advanced in the left lobes. The occurrence of partial massive necrosis is to be explainied on these lines. The importance of the partial lesion is that it indicates that circulatory factors may determine whether or not a dietary necrosis shall develop. (b) Diffuse hepatic fibrosis of the liver (portal cirrhosis).-The common feature of diets which cause this lesion is that they all produce. and maintain, heavy fatty infiltration of the liver (Himsworth and Glynn, 1944b) . To do this the diets may be either rich in fat or deficient in lipotropic factors.
The clinical course, and the pathological changes in the liver, of rats on such diets are in marked contrast to those in rats developing massive acute necrosis. First, diffuse hepatic fibrosis requires months rather than weeks for its development. Second, there are no episodes of acute illness; for several months the animals remain well and then their health gradually deteriorates. Third, the pathological changes in the liver develop gradually, not fulminantly as in acute necrosis. Fourth, there is no evident necrosis at any stage. Fifth, heavy fatty infiltration of the liver is an essential precursor and concomitant of diffuse fibrosis, while the development of acute necrosis is independent of such infiltration. These points are sufficient to indicate that, at least on first analysis, diffuse hepatic fibrosis and massive acute necrosis are distinct conditions. But it is still possible that fundamentally thev are related and that their manifest differences are due to local conditions inside the liver. Hepatic necrosis occurs when the parenchymal cells receive insufficient supplies of a factor contained in protein. This may occur either because the blood contains too little or, when sufficient is present, because of an inadequate blood flow through the liver It is easy to imagine that when the liver cells are choked with fat the flow through tortuous, intralobular sinusoids may be so retarded that by the time the blood reaches the central cells it is largely depleted of nutriment. Under such circumstances unobtrusive death of the centrilobular cells may occur continually; and, as Cameron and Karunaratne (1936) have shown, repeated attacks of centrilobular necrosis lead eventually to portal cirrhosis. In this connexion certain experiments, on the result of intravenous injection of methyl-celluloses, are of interest (Hueper, 1944) . These inert substances accumulate in such quantities in the Kupffer cells of the liver as to distend the whole organ. After several weeks centrilobular necrosis develops even though the animals are taking a normal diet. Connor (1937) has put forward a very similar suggestion to explain portal cirrhosis in man and in diabetic dogs with fatty livers. He considers that fatty infiltration of the parenchvmal cells so interferes with intralobular circulation of blood that the central cells are damaged by anoxia.
Whatever the ultimate decision on this point, howe-rer, experimental massive hepatic and diffuse hepatic fibrosis are sufficiently distinct, clinically and pathologically to require that, at least in the present state of knowledge, they be considered separately in relation to hepatic disease in man.
MASSIVE HEPATIC NECROSTS IN MIAN
In certain parts of the tropics a massive hepatic necrosis occurs which, the evidence suggests, may develop as the direct result of a dietary deficiency of protein. In Uganda this lesion and its sequel, nodular, hyperplasia, are relatively common among the native population (Muwazi and Trowell, 1942) . The native diet is one of the most deficient in protein found in the world. A so-called cirrhosis of the liver is common amongst Africans on the Rand. Gillman (1944a) found that on giving their diet to rats a nodular hyperplasia confined to the left lobes of the liver developed. Such a partial lesion is, in our experience, diagnostic of a previously occurring partial massive necrosis, for true portal cirrhosis (diffuse hepatic fibrosis) is widespread throughout the organ in all its stages. A fibrosis of the liver is also common in certain parts of India and Hughes and Shrivastava (1927) have correlated this with a preceding severe attack of jaundice. Such jaundice is particularly apt to occur after a severe epidemic of malaria has incapacitated a community, and fatal cases, although they show no evidence of active malaria, have massive hepatic necrosis. From time to time in various parts of the tropics reports are received of an outbreak of "yellow fever". On investigation no yellow fever is found but the livers from fatal cases show massive necrosis. By the courtesy of Dr. Hugh Smith of the Rockefeller Foundation we have been able to examine sections from such cases obtained from an area in South America. They were microscopically indistinguishable from those of rats with dietetic massive necrosis. It is noteworthy that such outbreaks seern only to occur among people living on diets grossly deficient in protein.
The massive hepatic necrosis occurring in temperate climates presents a different problem (Himsworth and Glynn, 1944a) . Here there is no indication of a direct dietary deficiency of protein. The massive necrosis seems to occur as a complication of some other condition. These conditions fall into two groups: first, those which do not usually give rise to liver damage; second, those which characteristically give rise to mild liver 4damage from which recovery is the rule. Pregnancy and exoosure to such poisons as T.N.T. and cinchophen are examples of the first group. It has long been known that massive necrosis, although a rare condition, is particuilarly prone to attack pregnant women. It is also evident that during pregnancy the nutritional requirements of the foetus are satisfied at all costs, even at the expense of the mother. If because of a poor diet, anorexia or persistent vomiting, the mother is relatively starved, conditions are ripe for the development of nutritional deficiency. The suggested mechanism of the massive niecrosis seen in some T.N.T. workers is best explained by considering the investigations on selenium poisoning. Rats fed on grain grown on soil rich in selenium develop an hepatic necrosis and nodular hyperplasia apparently identical with that seen in rats on a low protein diet. This selenium necrosis is prevented by the addition of casein or methionine to the diet. In the protein of plants grown on soil rich in selenium it is found that this element has replaced the sulphur in the methionine and apparently such selenium-amino-acids are inutilizable. T.N.T. combi-nes with amino-acids. It is suggested that this combination is inutilizable. These are examples of what may be called conditioned amino-acid deficiencies.
But the majority of cases of massive hepatic necrosis develop as complications of conditions such as infective hepatitis, yellow fever vaccine jaundice, chloroform and phosphorus poisoning, which habitually cause liver damage. The liver damage normally found in these conditions is, however, quite different. Thev cause a zonal, not a massive, necrosis, and from this complete recovery usually, if not always, occurs. We have, therefore, to explain whv massive necrosis tends to supervene on a zonal necrosis. Livers which are thz seat of widespread zonal necrosis are tense and swollen. It is suggested that the tension inside the liver capsule impedes the circulation. If now the blood is poor in protein nutrients the slowly percolating blood supplies insufficient nutriment to the cells and massive necrosis occurs; if, however, it is rich in such nutrients the majority of the cells can survive and later by multiplication restore the damaged organ so that the patient recovers. The outcome thus depends upon the balance struck between the amount of protein nutriment in the blood and the retardation of intralobular circulation consequent upon the swelling of the parenchymal cells. In this connexi!n it is of interest that pregnant women who contract infective hepatitis are more prone than males and nonpregnant women to die from massive hepatic necrosis (Cockayne, 1912) ; and that in recent studies of yellow fever vaccine hepatitis the mortalitv rate from massive hepatic necrosis among well-fed American 'troops was 0*2% (Findlay et al., 1944) while amongill-fed Brazilian natives it was 2-4% (Fox et al., 1942) .
Whilst in no single instance cited above is it proven that the observed massive hepatic necrosis or nodular hyperplasia, results from protein deficiency the indications from all point in the same direction. The hypothesis that massive hepatic necrosis in man may result from an inadequate supply of protein to the liver, whether this inadequacy is. brought about directly or indirectly, must therefore be considered as a serious possibility.
HUMAN PORTAL CIRRHOSIS
In Western countries portal cirrhosis is traditionallv associated with alcoholism. All recent investigations have shown, however, that-alcoholism cannot be its essential cause, and is, at most, a contributory factor (Jolliffe and Jellinek, 1941). In Africa and the East strong evidence against such an association has long been available for there classical portal cirrhosis is widespread amongst native peoples who, either by religion or poverty, are prexented from alcoholic excess. Recent experimental work suggests an explanation of these observations. The essential pre-requisite in the production of experimental portal cirrhosis is apparently a heavy, prolonged, fatty infiltration of the liver, whether this is produced by high-fat diets or by low-fat diets deficient in lipotropic factors. In the early stages of alcoholism such a fatty infiltration is common; in the later stages the common lesion is portal cirrhosis. So impressed were the French clipicians of the nineteenth century with this sequence that they distinguished an earlv stage of "steatosis" of the liver, when the organ was enlarged, from a later stage of cirrhosis of the liver, when the organ was shrunken and atrophic (Trousseau, 1870) . Consideration of the nutritional aspects of alcoholism suggests how such a preceding fatty infiltration could be brought about, and maintained. Alcohol contains no lipotropic factors. In excess it produces gastritis, impairs appetite and so limits the addict's intake of food. Further, alcohol is expensive, and so are the foods rich in lipotropic factors such as protein. All these factors tend in the same direction, to the production of a fatty liver. The evidence from Africa and the East points to a similar explanation for the portal cirrhosis which is so common in certain tropical regions. There a condition characterized by heavy, fatty infiltration of the liver is known to occur amongst native peoples living on poor diets. By the courtesy of Dr.
H. C. Trowell of Kampala, Uganda, I have been able to examine sections from such a case and these show such a distension of the liver cells with fat as, in experimental animals, would presage the development of portal cirrhosis. Recently Dr. J'oseph Gillman (1944b) of the Witwatersrand University has informed me that, using the aspiration biopsy technique, he has obtained from the same patients successive samples of liver showing every stage from such a fatty infiltration to classical portal cirrhosis. The diets eaten by the natives, both in Uganda and on the Rand, are low in protein and deficient in those vitamins which in nature are associated with strong lipotropic factors stuch as choline.
It thus appears that all over the world portal cirrhosis is associated with the consumption of defective diets which are productive of fatty infiltration of the liver; and, further, that such fatty infiltration of the liver may develop into portal cirrhosis. Whether alcohol in excess may contribute to the development of this lesion by a direct toxic action on the liver cells is still unsettled. But even if it can, it appears that such a contribution is gratuitous and that the apparent association of portal cirrhosis with alcohol can more easily be explained as a result of the malnutrition consequent upon alcoholism. HUGHES, T. A., and SHRIVAST-AVA, D. L. (1927) Indian J. med. Res., 15, 427. JOLLIFFE, N., and JELLINEK, E. D. (1941) Dr. L. E. Glynn: There are two aspects of the subject of nutritional liver injury which Professor Himsworth has intentionally omitted. The first is the distinction between the two types of liver lesion produced by dietary means in experimental animals. The second is a comparison of these lesions with their counterparts in the human.
Livers that have undergone almost complete necrosis are swollen, friable, and pale yellow in colour, wvith fine hamorrhages present both on the surface and in the depths of the organ. Where only part of a lobe is involved the individual lesions are very sharply defined with the gross appearance of infarcts, but vascular thromboses are extremely rare and when present are secondary to the necroses. Slightly older lesions such as those seen in the animals dying in the seventh week show evidence of shrinkage; where an entire lobe is affected this is obviously reduced in size relative to the liver as a whole; where only part of a lobe is affected this is depressed below the general surface of the unaffected portion. These shrunken and depressed areas are dark red in colour either uniformly or studded with raised yellow nodules (fig. 1) .
Animals surviving beyond the seventh week show the oldest lesions, almost invariably in the left half of the liver with or witlhout more recent lesions elsewhere. The former exhibit considerable shrinkage and distortion frequently accompanied by surface nodularity (fig. 2) . The consistency is firm, not friable, and the colour a characteristic yellowbrown with reddish-brown reticulate markings. middle lobe has been removed to expose the deeply-scarred left lobe. Lesion probably two months old.
x 7/6.
From the above description it is apparent that macroscopically the lesions correspond in remarkable. detail with those of acute yello atrophy in man. Microscopically the correspondence is equally striking. The necroses are usually massive, i.e. involve the whole of several adjacent lobules but where zonal are centrilobular or periportal with about equal frequency. In the areas of massive necrosis small clusters of surviving liver cells may be seen often in close proximity to a portal canal, but frequently distributed haphazardly. The structures in the portal tracts and the Kupffer cells also survive even in areas of extensive necrosis, but the sinusoids appear empty owing to compression by the swollen liver cells.
The depressed red areas of the next stage result from the re-absorption of the nec-rotic cells associated with dilatation of the previously collapsed sinusoids. This results in some instances in sinusoidal rupture and h.emorrhage but tarely to a conspicuous extent. The portal tracts become infiltrated with cells, "mostly polymorphonuclear leucocytes, whilst the central zones become crowded with mononuclear cells mainly of histiocytic type presumably derived from the Kupffer cells. The density with which these mononuclear cells -accumulate leads to apparent compression and re-collapse of many of the sinusoids, the necrotic area being eventuallv replaced 'by an extremely cellular, poorly vascular granulation tissue. This is next invaded by proliferating bile ducts from the portal tracts which may be slight or very pronounced. The cellular infiltration of the portal tracts which at first is slight and mainly polymorphonuclear is more marked at this stage and mainly histiocytic. Portal tracts in the vicinity, but not included in the area of necrosis, frequently, but not invariably, show a similar infiltration.
The replacement of the necrotic tissue by a cellular granulation tissue results in considerable reduction in volume which becomes further accentuated by the usual maturation changes of such tissue, namely, reduction in cellularity accompanied by formation of connective tissue fibres. The latter are almost exclusively of the argentophil reticulin type (fig. 4) ; very few collagen fibres stainablte by van Gieson's mixture are seen. But even in the oldest lesions the tissue is still rich in cells the majority of which retain their histiocytic appearance. In most instances these cells are 'obviously pigmented, brown pigment occurring in fine dust-like granules. Some but not all of-this pigment gives a positive Prussian blue reaction for iron.
Regenerative activity by the surviving liver cells becomes apparent at about the same time as the proliferation of the bile ducts. This is most marked in the vicinity of the portal tracts and rare in the more isolated groups of liver cells in which signs of necrobiosis may now frequently be seen. In those lobes where necrosis of the liver cells has been complete the area comes to consist entirely of pigmented cellular scar tissue. Where groups of liver cells survive and regenerate a form of hepatic cirrhosis results in which nodules of liver cells are present, irregular in internal arrangement and separated by wide bands of cellular scar tissue, a picture indistinguishable from so-called nodular hyperpla.sia in the human liver following subacute yellow atrophy. As inthe human the lobes least affected in the acute stage may show remarkable compensatory hyperplasia in the healed stage.
The second type of liver lesion producible in rats by appropriate diet is a diffuse fibrosis comparable to human portal cirrhosis. The essential feature of this cirrhogenic diet is a deficiency in lipotropic factors resulting in severe accumulation of fat in the liver cells. For th~e first hundred to hundred and fifty days on the diet the only dcmonstrabl, hepatic abnormality i~s severe fatty infiltration with distended liver cells and apparent sinusoidal comtpression. From about this timie onwards a progressive fine uniform granularity appears (fig. 3 ) associated with increase in the fibrous tissue of the? portal tracts and to a lesser extent round the centrilobular veins. With extension of the fibrous tissue from portal tract to portal tract, an accentuation of the normal lobular pattern may result. The fibrosis, however, does not remain confined to these areas, but soon invades the individual liver lobules. ensnaring groups of liver cells in the process and completely obliterating the normal lobular pattern (fig. 5 ). Regenerative hv,perplasia in the ensnared groups of cells results in further di-stortion of this pattern. A variable degree of bileduct proliferation completes the resemblance to human portal cirrhosis. In sharp con-trast with the livers of methionine-deficient animals, actual necrosis of liver cells is rarely seen. At most some slight centrilobular necrosis may be noted. Nutritional deficiency in the experimental animal may, therefore, lead to two types of scarred or cirrhotic liver. The first is the end-result of an acute massive necrosis, or yellow atrophy, the second a uniform diffuse fibrosis or portal cirrhosis. They differ in .31~~~~~~~~~~1
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stain. zctiology and evoluition and they miay be distingUished by the criteria of postnecrotic Prodular hyperplasia laid dowvn by Mallory in 191o1, namely gross irregularity in the distribution of the lesions, presence of areas of recent tiecrosis and evidence of compensatory hyperplasia of intact liver lobules in uininjured parts of the liver. To these may be added the greater severity of involvement of the left half of the liver, and the presence of haepmosiderin-laden macrophages in the scar tissue. Professor John Beattie diSCuIssed the possibility of dietetic factors inlflulencing the susceptibility of a population to epidemic forms of hep)atitis. He p)ointed ouit in this connexion that variations in the virulence of the infective agent anid the degree of immunity of the popuilation MuIst also be taken into consideration wheninvestigating any isolated epidemic. Because of the presence of at least three possible variables, investigation of small local epidemics cannot be expected to produce other than equivocal results. The possibility that some relation between protein intake and incidence of hepatic damage may exist cannot however be excluded. In two populations on different levels of protein intake the incidence of infective hepatitis during a twvo-year period wvas markedly higher in the population on the lowver intake. Investigation of individual cases of infective hepatitis demonstrated clear evidence of lowv protein intake in some but not in others. Supplementation of the diet with methionine was apparently effective in protecting patients recciving arsenical treatment for syphilis against hepatic damage. 1i a methionine deficiency wvere the factor determining the susceptibility of an individuLal to the virus agents causing infective hepatitis and post-arsphenanmine iaundice, one would expect that administrationi of methioniine to a patient sutfering from onie or other of thesc diseases would result in rapid improvement. In mild cases it is difficult to prove that such an improvement occurs as a resuilt of the methionine but in the more severe types rapid improvement is clearly the result of the methionine medication. In the latter type of case methionine was given in large doses by vein with good results. It was emphasized that intravenous methionine infusionis are not free from danger and precautions must be taken to guard against ketosis and acidosis following such treatment.
Professor Beattie stressed the importance of ensuring an adequate protein intake during convalescence. This is of particular importance when experiments are designed to test statistically the effect of niethionine in promoting the cure of the common and mild tvpe of infective hepatitis.
Major Clifford Wilson said that there wvas no convincing evidence that dietary deficiency was a factor in determining the course of infective hepatitis in this country. He had conducted therapetutic trials with metbhionine on 100 men, alternate cases serving as controls. 5 g. of methionine wvere given daily bv moutth. rhere was no significant difference in the treated and control groups in either clinical or biochemical criteria of severitv. It was concluded that additioni of methionine in amounts equivalent to cloubling the protein intake hadc no demonstrable effect on the disease. Professor Himsworth, in replviing to questions, stressed two points. First that his results ditl not prove that massive hepatic necrosis was directly due to methionine deficiencv. To prove this experimeints in which amino-acids provided the onlv source of dietarv nitrogen werc nieeded. What had been showvn was that this lesion was produced bv a low protein diet, particularlv one deficient in sulphur amino-acids and prevented by methionine. Seconid, he said that the results gave -no indication that the incidence of hepatitis due to poisons or viruses could be influeniced by diet. Thev did, however, stuggest that a high protein diet, or methionine, might prevent such cases dleeloping the complicationi, massive hepatic necrosis.
